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Well-established prognostic factors of breast cancer include stage of the tumors, histological grade, lymphnode status, and estrogen receptor (ER) and progesterone receptor (PR) status. Grading of breast carcinoma before surgery would be an ideal method in selecting the most appropriate therapy for patients.\[[@ref1]\] Increasing abnormalities of nuclear morphology correlates with the increasing grade of tumor as well as worsening of prognosis in many cancers, including breast cancer, renal cell carcinoma, and thyroid tumors. However, cytological grading is not perfect and has an element of subjectivity. Standard morphologic analysis is a subjective method compared to morphometric analysis, which is a quantitative method with objective and reproducible results.

Morphometry has a definite role in several areas of diagnostic histopathology. Till now, majority of image analysis studies have been performed on histological sections.\[[@ref2][@ref3][@ref4][@ref5][@ref6][@ref7]\] Its application to cytology would be useful for accurate diagnosis and classification of breast cancer.

In the present study, nuclear morphometry was performed on breast FNAC slides. The present study aims at using nuclear morphometry on aspirates of histologically confirmed breast cancer cases and comparing them between different cytological grades of breast cancer with derivation of suitable cut-off values between the three grades.
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The present study was conducted in our institution from 2011 to 2013. Sixty-four cases of breast cancer including carcinoma were selected for the study. FNAC was performed as prediagnosis procedure on 720 patients who presented with a breast lump during this period. Patients on therapy for breast cancer were excluded from the study. Out of these 720 cases, 670 (93.1%) were satisfactory and 50 (6.9%) unsatisfactory due to inadequate material, poor cellularity, nuclear overlapping, degenerated nuclei, or poor staining. Out of 670 cases, trucut/excision biopsy/mastectomy specimens were available only for 122 cases (18.2%). Out of these 122 cases, 64 cases were malignant. These 64 cases were included in the present study. Cytological and histopathological examinations were performed separately by single experienced pathologists.

FNAC slides were stained with routine Papanicolaou method. Cases were graded cytologically by Robinson\'s grading system into grade I, grade II, and Grade III. Scores of 1--3 were given for each of the six parameters -- cell dissociation, cell size, cell uniformity, nucleoli, nuclear margin, and chromatin, and they were added to classify lesions into Grade 1, score 6--11; Grade 2, score 12--14; Grade 3, score 15--18. There were 29 cases of grade I, 22 cases of grade II, and 13 cases of grade III.

Nuclear morphometry was performed on Papanicolaou-stained FNAC slides, and 50 nonoverlapping nuclei were evaluated per case by a trained pathologist who was blinded of cytology and histopathology diagnosis. Images were captured at 100 × magnification under oil immersion. Nuclear morphometry was performed on Papanicolaou-stained FNAC slides, and 50 nonoverlapping nuclei were evaluated using Nikon digital camera (Nikon DS-Ri, Nikon Instruments Inc., America) at the same settings of microscopic light intensity, iris diaphragm, and condenser position. Images were saved in the attached computer in JPEG 2000 format. The saved images were opened in Nikon Imaging Software-AR (ver 4.00), and a background correction was done for uniformity of image intensity. Calibration was performed before each measuring session. Images of selected nuclei were outlined using the mouse of the computer at the same zoom settings. These outlines were refined automatically and automatic measurements were made by the software NIS Element ver. 4.00. A distance was assigned to 1 pixel (by calibration) and automatic measurement was done by comparing objects of different images. For intensity, brightness, and density measurement, image color layer was used by the software and measurement was done in pixels. After measurement, the data were transferred to MS-Excel sheet for further analysis. Nuclear morphometric parameters analyzed included nuclear size, nuclear shape, nuclear texture, and nuclear density parameters \[[Table 1](#T1){ref-type="table"}\]. These parameters were compared between the three grades of breast cancer, and cut-off values for nuclear size parameters derived between the three grades.
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Nuclear morphometric parameters used in study
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Statistical analysis was performed using the SPSS (Statistical Package for the Social Sciences) program for Windows, version 17.0. Chicago. The mean values of each sample with standard deviation (SD) were calculated for all cases. Data were checked for normality before statistical analysis using Shapiro--Wilk test. Normally distributed continuous variables were compared using analysis of variance test (ANOVA). If the *P* value was significant and variance was homogeneous, Bonferroni multiple comparison test was used to assess the differences between the individual groups; otherwise, Tamhane\'s T2 test was used. The Kruskal--Wallis test was used for variables that were not normally distributed, and further comparisons were done using Mann--Whitney U test. A receiver operating characteristics (ROC) curve was evaluated for nuclear size parameters to determine the optimal cut-off values between the three grades of breast cancer. For all statistical tests, a *P* value of less than 0.05 was considered to indicate a significant difference.
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Out of the 720 cases for which FNAC was performed during the study period, 64 histologically confirmed malignant cases with satisfactory cytology smears were included in the study.

Based on Robinson\'s cytological grading, cases were classified as Grade 1, 29 cases \[[Figure 1](#F1){ref-type="fig"}\], Grade 2, 22 cases \[[Figure 2](#F2){ref-type="fig"}\], Grade 3, 13 cases \[[Figure 3](#F3){ref-type="fig"}\]. Age of patients in the study ranged from 25 to 74 years with a median age of 50.17 years in Grade 1, 46.73 years in Grade 2, and 45.69 years in Grade 3.

![Carcinoma grade 1 -- cells with mild pleomorphism, smooth nuclear margin, and inconspicuous nucleoli (Papanicolaou stain, x1000)](JCytol-35-41-g002){#F1}

![Carcinoma grade 2 -- cells with nuclei which are three to four times the erythrocytes, with granular nuclear chromatin, smooth contour, and single prominent nucleoli (Papanicolaou stain, x1000)](JCytol-35-41-g003){#F2}

![Carcinoma grade 3 -- cells with coarsely granular chromatin, irregular nuclear margin, and prominent nucleoli (Pap stain, 1000×)](JCytol-35-41-g004){#F3}

Nuclear morphometry parameters were analyzed and compared between the three cytological grades of breast cancer \[[Table 2](#T2){ref-type="table"}\]. On comparing the three cytological grades of breast cancer, all nuclear size parameters showed increasing value with increasing grades of carcinoma. Nuclear size, sum intensity, sum brightness, and sum density parameters were highly significant in differentiating between the three malignant grades. No significant difference was observed for nuclear shape between the three grades. Mean intensity, mean brightness, and mean density parameters were significantly different between grades 1 and 3, but not between grades 1 and 2 or grade 2 and 3.
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Comparison of nuclear morphometric parameters among cytological grades of carcinoma
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ROC analysis was done to determine the optimal cut-off values for various nuclear size parameters between the three grades. The area under the curve and its sensitivity and specificity were calculated using statistical methods to analyze the diagnostic value of all these variables. Our cut-off values for mean nuclear area, equivalent diameter, minimum feret, maximum ferret, and perimeter between the three grades showed high sensitivity and specificity \[[Table 3](#T3){ref-type="table"}\].
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Cut-off values of nuclear size parameters between various cytologic grades
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Cytoprognostic grading in breast cancers is important to identify high-grade tumors, which are more responsive to chemotherapy than the low-grade tumors, in which pretreatment with tamoxifen may be more suitable. Increasing abnormalities of nuclear morphology correlates with the increasing grade of tumor as well as worsening of prognosis in many cancers, including breast cancer, renal cell carcinoma, and thyroid tumors. However, cytological grading is not perfect and has an element of subjectivity. This study emphasizes on morphometry as an objective tool in the diagnosis and grading of breast cancer.

Increasing nuclear morphology abnormalities correlates with tumor progression and grade of breast cancer. Nuclear morphometry can measure these morphological abnormalities in nuclear size, shape, and texture and correlate with tumor grades. Cytological grading is comparable to histological grading and can determine the aggressiveness of breast cancer. Many morphometric studies have been done on breast histology and their results can be compared with our findings on breast cytology.\[[@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17]\]

In our study, all nuclear size parameters, 2 nuclear texture, and 1 nuclear density parameter were significant in differentiating between the three cytological grades of malignant cases. Mean intensity, mean brightness, and mean density were significant in differentiating between grades 1 and 3 but not between grades 1 and 2 or grades 2 and 3. This might be due to the overlap between nuclear texture and density of grades 1 and 2 and grades 2 and 3.

Similarly, Kalhan *et al*.\[[@ref18]\] in their study on cytological aspirates and Ikpatt *et al*.,\[[@ref14]\] Al-Obaidi *et al*.,\[[@ref17]\] and Radwan *et al*.\[[@ref15]\] in their study on histopathological sections of breast found a significant association between nuclear size parameters and grades of carcinoma. Kalhan *et al*.\[[@ref18]\] found that 2 out of 3 textural parameters correlated significantly with cytological grading.

In our study, no significant correlation was found between nuclear shape parameters \[Shape factor (*P* = 0.102) and roughness (*P* = 0.507)\] and different cytological grades of breast carcinoma. This might be due to minor nuclear membrane irregularities being ignored during the process of outlining and digitization of nuclear images.

Similar results were shown by Moroz *et al*.\[[@ref2]\] in their study on 54 FNACs and Radwan *et al*.\[[@ref15]\] in their study on histopathology sections of breast cancer cases, where nuclear shape was not statistically significant in differentiating between different nuclear grades. However, Kalhan *et al*.\[[@ref18]\] found a significant correlation between shape and cytological grading with a significant difference between grades 1 and 2 as well as grades 1 and 3 but not between grades 2 and 3.

Cut-off values of nuclear area, equivalent diameter, minimum feret, maximum feret, and perimeter between carcinoma grades 1 and 2 were 45.76 μm^2^, 7.62 μm, 6.95 μm, 9.21 μm, and 24.58 μm, respectively, with a good sensitivity and specificity. However, cut-off values of 64.46 μm^2^, 8.99 μm, 8.2 μm, 10.59 μm, and 29.42 μm, respectively, between carcinoma grades 2 and 3 showed a low sensitivity but good specificity. This low sensitivity could be due to wide variability in the nuclear size parameter values in carcinoma grades 2 and 3 cases in our study.

This study emphasizes on morphometry as an objective tool to augment the cytological grading of breast cancer. However, errors can occur due to technical problems in nuclear morphometry, which can lead to false positive and false negative results. This can be overcome by training, internal calibration, and standardization by an expert observer.
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Nuclear morphometry correlates with tumor size, lymphnode involvement, and mitotic activity. Nuclear morphometry can be coupled with these clinicopathological features and used to prognosticate and classify breast cancer patients into low and high-risk groups.
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